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(57) Abstract: A flash memory having a high speed, low voltage ballistic program, an ultra short channel, an ultra high integration 
degree, and a dual bit multi-level and requiring two or three polysilicon split gate side wall processes, and the operation thereof; the 
flash memory, comprising a twin MONOS cell structure having an extremely short control gate channel, the cell structure further 
comprising (i) side wall control gates (240) disposed on the laminated film formed of oxide film - nitride film - oxide film (ONO) 
(230) on both sides of a word gate (245) and a control gate and a bit 
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impurity film formed by self-aligning and shared between memory cells adjacent to each other for increased integration degree; the 
operation, comprising 1) a production process for removable side wall for manufacturing an ultra short channel and the side wall 
control gate with or without a step structure and 2) a process for forming the control gate on the laminated nitride film and impurity 
film by self aligning. 
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chang) bi^is r^o ^7 ^ y?<Dtcit> m y-^iM 1 K&A&fflv^ir so 

25 NOS^^JJ (A New S0N0S Memory Using Source Side Injection for Prog 
ramming)] (IEEE Electron Letters, 1 99 8^7^, Vol. 19, No. 7) 1?, m 
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$ 5. 0 nmOj&fffgfefcjfe 1Nf K?*- ;M*JJ i^y K 

5 «OMONOS^^y-fe;HC||i-5!7— hT©^«9(C x iM* K«7* 
-/l^- hTfcONO^Jilg|2 2#fc3 0 SONOSt^f F?*- /HMIP^- 
hT^^^^ftfil 0 O.nmi: v^T\ ^t3^7A^#tt, J;Dffv> 
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98 «Kt<DIEDM. 98 7K© IEEPROM/7?,^»fcW» 

^MM*******^- " ' (Step SpU 

t Gal. Cell with Ballistic Direction Injection for EEPROH/Flash) 

*2 5) I*"* * 27) wS 
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15 ^UV^»J©^W 

&m l^o-C, 2 o©#fUSW * y SiHfc * 2 #$4 £ *Lfc*»P^- I* * 

y * y>f ^mono s * * y **©fci&©lMEfr*#JiiifcS 

20 S„ 

£3x5 <£ 5 ^»©CMO S^n-fe^^ ioT^^ti5 0 I7-K^-bfc# 
VD) tiot, ffil 50~250nmC)|»yH3>'245iW 
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tlZo ik^WBWffitB (chemical mechanical polishing : CMP) 

0-1 0 0nm<£ff£M«£ft5o S»CMOS/Pt7t^y 7- 

5 fltp-^^V^n-fc:^ ^it^R^^^^^^^ (RIE) fclJ;5M; 
H2 3 2*5^1^^11 i/U =»^2 4 5 ^©llE^y^^^ 5 ^^* 1 ^ 

Wwfcfc 53E12-3E13© K-X*T% d>o{£^^;W^ ($J 1 0 K e V 

®4B^$tb5«fc5^ 1M /^JJVU =^©S®^ &5~1 

0 n m©?gV !)^yi2 3 4 £ ft 5 £ fcftr^k V 9 

* asH1r£ft5o 3 0-50 nmtf»¥£ 5 1 o©**VMtf 9 V 

y a^JgtfSig^SftSo @4B^$tlSJ:5^> !7-K^-h2 4 

5 K±lc|^*BriB^^^ K**-/!'*'*-* 2 4 2 *M1rZ> X 5 £\ 

SE* fc 5 ^ 9 3 ^ s/ ^ ^ Wife £ ft*- *f <D N 

20 V h 2 0 3 (D&AAK 10~15KeVT'3E13~4E13/cm^ty 

25 fy^mtt, HBr/Cl,/0.-eJb5. («^«*HMfcT^^^^ 
«W*tLfc7yftaK*« (BHF), »F, *><5l>f* CF./0.0 X 
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B2 3 02*J&fc£*t5. B2 3 Ofi, ffil&(--t-^fc*{C3^T-^$^V\ 
HESPS^bl^tt^*^^ *©ff£fi«^h^y ^©ESIHfi (3. 6n 
5 m) £!9#;W;iJ^3. 6~5nmT*fc«9 N C VD(C ioTifMI^tlfcgfc^ 
y a ^JgH££l 2 ~ 5 n nrCk ?K £ £> KHgBSHblgte C V Di#;»gUC J; o T*t 

10 |?l3 0~5 0nm©!J^D*ye/!J3yiIt5J;t;6 0~10 0 

i©ONO|g2 3 0^5. 
mtSffil 0 nm©»fbVP 3^fc§v^^^k|^<D^iV^CVD|^2 33^ 

*>5V^t*^ 3E14~5E1 S-r^-y/cmWK-Xft-e^A^tl/So 
20 £fHOJf:$kt9 0~1 5 0nmtfcD. *fttt^fcW#P4*- hT-Y**'*** 

^MltLTf*. w ^y-f2 4 0f4, Ttfy^y^t 

y^y =t^nrcifcoT.fcv\ > ftjispy-h&iyyiH' MburisifiSMbi-s©-? 

25 ®4D^$tlSJ:5^ nmi^Cf^ *5j;lW$j|& 1 0 nm 

©^bixy =>>-mfc5v>(4^t:^©m^cvDm2 3 3<Dmm<nmc V- V 
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2 4 0±fcfvf K**- AflWbK^^— 1^2 3 3 

& (sputtering) (CtoTj^J 1 0 nnKA^/P- h fc^V^fi^^ ^^^^ 

5 ^2 0 4©TOJ:©$'!Jfv( KS2 4 l<DMf&l>m4D\zm£tlZ> 0 04 D 
t^f K| 2 4 1 #H*§*i5#, -t*itt&ST?Ht*l\, »fk ^fcti 

10 ^IfeBfrltffl <Dm4tW&3 &X$/hZ>\ ^att^R 235^cVDJClj;o T*t;» $ 
4 7j&ttm*£*L5„ M^«M«CMP(Cj;oT^bli2 3 2 aSRffi-fSS-C 
aB^WiUTtt, ffilt^*«-2 4 7^ K**- /vy-h<Z)RCB#£!£ 

n t as-et 5±5*, # y > y a vfos v>fi^ y y & ^ o^mtt^x* 

fc5^i:^x^S 0 ^«^5cMP(Cj;o-r«Fli$^T^bl^2 3 2«U 
fcB# % ^SI^ttSii:SJ5&-r^-^y^^J:oric^/^-h/v (5 0n 
m) ^SStlS. CVDlCiOZlg&fl^y Gft5 0nm) 

@4E^1^2 3 2{i, H.PCM-ioT, fc^fiffc^Mb^ift^ <y ^ 
l/?fc£<>X : M1fl&)lZ-^y=?-l/y&tiZ )o 1 5 0~2 0 0nm<DJ¥£©7ffy > 

©*Ky iyy 3^!7- Ky- h24 5^ h V^* b&itfR I 

m&~tZ>7— F^y-h^^-r^^^^ioT. #y i^y nyg 2 4 8# 
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tb5„ 8i&#lttfW$a s @4 Gfcl$l#2 0 9-e^$tt^o 
5 . |&56©^n-fe^ri, #»^ir^ (3 0~5 0nm) Sr^rS^V- 

10 &tb£o 

K-7*nfc# P * P 3 y ^5/^* rifc*T»r«ft 

QfrV =V12 2 1#iS^J'^$H5. *Ty7*7V v r>*P"fc 

15 0~50nm««ft5^^»5 o H 5 Bit***** 5 

fc#P*vf K**-*t^*** U-C/flWC, 1 0~15KaV©**^t? 
K-X**S 3E13~4E13/c m-CfcS t 5 ftNfttt 2 0 3 ttRfrTSfc 

y^pay^-t^ Wxyf^ (HNO,/HF/l»s *>*V>rtH. 
20 PO,*fettNH,OH) jBiUBW^Xwy^^^ffeb^ioT, 

^y^yjf^^^y^^ mm*?*****-** 

So Bt*W*#P ^P = :~^-*Tfca**tfc*- h*ft*2 2 1 
Wiooo~noow©il«^*t CRT A) fcj;«*o*» 
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wKiBtt^lvWW (3. 6nn>) 

nm -e**„ ^* *' 

* fc ► ** 5 " y 3 ^ 9 0 ~ 1 8 0 n mW * 

„. y53 yy-htt. s/WHWM*. *«?a^*'« ONO 

*tmx. m-m******^* (BPSG) ^* v% *** 

MttMW <**■»*< t * i o - 1 o o« 
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10 ^^^«s«b-C3iy^^**i*VNj:5K:, *»©CVD»ft*tt» 

- rttWI©* #HWS*U 91*** C VDtfc'/P =» f* 

2 3 2^50~1 0 0 nmffll^ll^ 5 ' 

i5 mw^m^m^^^^^ 1 ^^^' rm<om 

j/*jr*5^ (RIB) |Cj:ot#9V!l34»«»^*W' 
■6A!C#ft*ba*$fc. ^*2 0 2«^ (lOKeVit) 
fcV^ , *o 5 E 1 2 ~ 2 E 1 3 4 *V/ c m«© K-XS^Sftttltt^ ***S 

20 fca*S*u fc*t>*fc, M*****^©* 5 * 12 - 1 - 5E13 
#<#&i"?>o 

25 **, *,8V^W«K:cVDK:J:9JWrSft*. » tt » 90M 
5 0nmO***#t5W*Wft*P^5 33/|iM ^* M " H 
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6 B<D|£*«J1B£1M K^*— f" 2 4 3 SSCfoS 

<fctff| 2 0>3lJfc0lJ<E>*^-^ £ 0 ffV\ N*85>Jtt*2 0 4 ^fiW-Sfc 

iM&-gfcJK0OT§E&Jtii tt, 1 E 1 5 ~ 5 E 1 5/ c m*<D K- 
5 Xt, i^2 0~5 0KeV©x^^"C, t Hf'f rt^W^J&^frlSo 

iswt©iivv^xf^ nt^tcjasi^ri 

(8 50~900t;X'5~20#) -TtfMBttfWS* fcHITf 5iit<tot N 
/V'gtfS, Il3 0~5 0nm (m^W&i EfcXHtf) 3 ~4f&) K^H-&*lSo 

/V*-^-^ 2 4 3 a*#t* (C^$tl5 0 £©jwwJ*®Wfc^y^^*t* 

|iHBr/CL,/0,^5 0 «»7yft**»iz:J;oT, £«±tf>»W£ 

R I E(Cj;o-C^fcP-^b;l^©^3fc^n^:lI^2^d53i^^^^$tt5o & 
fc N Hl^big|&&«-rs cvD*5J;^ji^^il'fbfc«};oT^4 
20 ~6 nmfl!)*fLV^iMblR^*e»*^«. W#5l8 5 9 

~900tt20 ft <D mWMit ^n-fe^^t-s @6Dt2 4 4t#$Jl5i5 
fc, n •^fl^±©£fc^^i*Lkl3l& 2 0 n m©«^#iitotttei&fc $ 

ns. i©ffv^bK#5, h 2 4 o t \f y vmm®2 o 4 ^©k© 

25 KaK y > y 3 V 2 4 5 £H!^bJg 2 3 2©iS$ (Dfa& Y) t>fc>T;6»fcJf 
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M$l#)fc^y^l/<y£tiZ> 0 ^115 0~2 0 0 nm^JP^^-rS^y iy]) 3 
10 ^2 4 8^CVDt«fcoTit«$tb^o lift©?* h^V* hfcitfR I E 

^2 4 5^DX$tt5„ r©«F/Si"e©«iit^H6Dfc*$nS. 

K»^- h^tSittiot, ixV =^2 48*5 
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h T©fi^*«*rt KfEtl $ ft 5 fc ft © , V t-hi*5 <t Tfi V t-lcw# ^ fi^fiM 
tufc 2 o<E>g«>gCi&<£> Hit*5 <t -fc/i-lffl © y - ^ *5 J; rf F W ^M5<Z>2& 

7B^$tt5 D !7-K7 , -f34 0, 3 4 1, *3J:tf3 4 2 tt^Tfl 1 jfxK 
15 tB2^j^$tt-C!7-m3 5 O^J^-TSo 17- 

K<?*- h 3 4 0 , 341,*3«tU ? 342 ©PolM K±^*ftSr$tb5-^©1^>f 
K7t-/V3 3 1a, 331b, 332a, 3 3 2 b©TfcONO^M^ 

#-CS>3o ^frb<om.ttMiffl$.tt., 07 B&itf 7C©3 1 0, 3 11, 3 1 
20 2, 313, 314, 31 5TNb5 0 ^iS«^bIe|^^jfi^-f Sfcifrfc, ^ 

n-txmmm 3 , *5 j;^ran^«*t^2 4 7 5 ± 5 fc^js^i 1 

«tt^2(e: < J;oT¥-S!l«iy-h3 3 0, 3 3 1, 3 3 2, 3 3 3£7&&1--5i 
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5 1 3*5«fcT>*3 1 4|iffl»^h3 3 2Sr#^-r5 0 ^^9t;P3 0 1|^ 

*tk&m®3 2 l*s£tfif y h&#c|g$3 2 2^tU t^y-^fet^i: 
if y MftlWI^tiOWlcaGBff-S 3o©^ K ^fcfr*>THK:£fl5*i««3 
1 2 5rMi-6^J#y- h 3 3 1 s V- K^- h341, & ±tfTJ!Kg«> 
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10 -Ct So 17- K^- b 3 4 1 \ZWmm*^/*7 V 7"T?*> 9 s ftHjflP**- 
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m 3i3i:it m&£fitzm{m^T<D5ib<Dm!R£fiit&{k^m<DZk 
x*hz> 0 mmisfite^mktow&mmi 312^, m^fitcmmmm 

ttttftftttJ 3 1 l*5.};tf3 1 4£f±, S^$^y^y-fe/V3 0 1 fcftfctt 
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5 ^b^g^#±©»ip<?-h©®jEtt x y-*mff+vt-hi era— 
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65 0 MW.m$Ll. 2V % l. 6V, *5.J;tf2. 0V£#5fcae>fc, 51iR£;ft, 
fctftWK3 1 3±©^y-K 3 3 214, -W?*L4. 5 V, 5V X %>£ 
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25 #^n^7^^K$nfc*jaE^#tm-504^7 p n^7^fe^ 
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Wd=5V x 4. 5 V, 4. 0V£Vcg=5V > 4. 5 V, 4. OVT'fc 
^2B 



Vt 


VdO 


Vcg 


Vwl 


Vdl 


Vcg 


Vwl 


Vd2 


Vcg 


Vwl 


Vd3 


Vcg 


Data 


320 


0 


340 


321 


1 


341 


322 


2 


342 


323 


3 






330 






331 






332 






333 


00 


0 


0 


2.0 


~0 


5 


2.0 


5 


5 


2.0 


0 


0 


01 


0 


0 


2.0 


~0 


4.5 


2.0 


4.5 


4.5 


2.0 


0 


0 


10 


0 


0 


2.0 


~0 


4.0 


2.0 


4.0. 


4.0 


2.0 


0 


0 



J: or &£*l5 0 *y h*-/M3iA-c«u *&#T-;*^i&£*K 4t 



WO 02/43158 



PCT/JP01/10156 



-22- 

MlfltEEtt ri i u ri oj, ro u, *>£tf ro oj ^fflt, zti^tio. 
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15 tfy h^^0^^4ia8 C^^tbSJ; 5 C5 0 SMb* 

#^g^3 1 3*»fe©tt*mu»t»oifs' h$m&mto#--77 1> 73, 75, 

*S«fcl57 7#5. Ztl^timft&fflfeO. 8V, 1. 2V % 1. 6V, *5£tf2. 
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m * <d m m 

1 . (200) (Dmm±\^- ^h]g|(221) ^ t s 

mm?- = ^mtrnzm 5 i ? tii i v y = ^(245) & jgat 
5 -t-s^, 

iflB0 UKy^Un vlgSrS 5 £ 0 KHS 1 ©^11(232) £if - t s 

10 S&1BI7- k^- h # j; tmb?- h-yv=t ismtm&m. 5 «t 5 m*"*— in* 

^■5riB^^^-f-(242)^ray- K^- h<DiH- K**- /v±fc&5,fc 
20 i-sri, 

8&ffii&HB-tf->f K^*-^^— h (240) Jbfcfg2 tf>jf&^)g|(233) 
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*©«ICli(rei7*- K^- h±©tulE^ 1 ®^b$|(232) fc^^S Zt, *5 

it* 

10 ttfS!7- K^— b KS^ftS 17- K*fcjft*i-fi J; 5 &0 3 y v'JJ 3 
^(248) imEafcKilditai-S £ t Sr-^ifMONO S * V fsU X0> 

mm?*. 

2. mm^-h^v =*^mfcm(22i)&m5~i o nm©m ^s^r-rsit* 

15 3. mm%l<D7$})*sV 3^(245)^CVD(C«t»)^jl 5 0~2 5 Onm 

©j?$ fc*-^a»**bs»*3K i ow&mo 

4. if|B^l<^^bl^(232)^CVD^<J;?)j^5 0~1 0 0 nmOJI^I^ 

5 . if|B^ 1 ©*6i^(234) # x t&lEP- K>7*~ ]> (DIM K!)t-yKDtffi 
20 Lt«f|5~10nm©JI$ £ fife y a >8Steffit?&> 5 ft*^ 

25 7 . mi%& 1 ©*&&Kj&5, B^iay - K-y— b (DIN* K 17 5t~/WJbiC^j 5 ~ 1 
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s. m&mi<»imm&. mw-w-w^ »±&* 
x® 5 ~ i o n m<Dmz \mm^s y * ^mx^y v => ^ww* 

5 ftfcfUR. *5*t* ^#7* (BPSG) «tf^A-^rt©Vx-m^ 
i o Tl»J& £ *K 3 0 ~ 5 0 n m<Dj? £ T?*> StfrfcE 1 £>$B£#&<> 

10. fiiB^^^^^^^^i-sm^^^^^^tt^y^ 

11. |WBfi'(b«r&^(230)&MI«^«aHS3& s ^ 

L0 ttlPNHHMLkK, MS. 6-5. 0nmCl$mll©^^8ft 

i5 mzmmz - &*tri»** 1 

12. iwai/y3^uK**t^sa»©w^ WfB0i«^y 3 ^b 

20 14. |ME»2©#y^5=»^ife8«Jft'3 0'-5 0nm©****U ^6 0 
- 1 0 0 n mOl * * » ^ - fc * $ ^ 

k*** ift^2<z>^'j^y=»vig*5j;w^^7 i ^y^ KS^*^ia 

15. HfflB*2©»»K(233)*, CVDK±otftl0nmO*Sm 
25 JtfcSHfcS' V a ^SMfcl&Sr&iffll*« l ©«5tm 

16. «raa^2©lfiS«l#, CVDfcio-Cl&l 0nmOJl$^t-Kli$ 
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SASH'S 
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l&IB^^S^© l^0ttl1-5fc»ic, Stria?- K^- h*5J:lflMnBlfc* 

io 

15 anew** pflfefc* y y a i/^-f-T©'?- b^D 3 ^BMHifcBfc***"* 

20 ITflB !7 - K^- h K P * -/kfcKU 1M K £ * —MUMP— hbi£& 

# y $/ y 3 v*^-ih&s»!K m###SI^H5^k^«^4r^^1-5^IR 

* HulBfg2©#y a^il(240)^J:tWBWfl5BI-*fl5 
K-m«O^M^(230) Srft*tt* y^-V^fc J; 9 ^ , 
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li&fE2o©f-^ K!7- K^- MW©|«RlSr**-r5 J: 5 *WB*at«(247) 
5 Sft|BKBt^**t^Sr¥fflt-f 5 - 1 > 

•£©&*qitrfB!7- k^- h±©H(rief& 1 <Dmkmzfe3x1-z> n ^ fc-fctf 

li&iBF- K^- h fcSHfcSih,* K»*»JiW 3 £ 5 fc0 3 ©# y y = 

NO S ^ y x^-f * ©$lijt*fe„ 
10 2 3. MIB01©^Ky ^y =3^(245)^CVD{CJ;!9^I1 5 0~2 5 On 
m©* $ Kl * $fb5m*« 2 2 ©Kig#ifc„ 

2 4. ff|B^l©^bl^(232)^CVDlc:«t 9^5 0-1 0 OnmOgSfc 
*-C«S» £ ftSfjt*^ 2 2 ©»5££ite. 

2 5. MIB^1©«6^^ N IfflBy-Ky-f©-^ K**-*©*®*** 
15 ^bUT^!5~l 0 nm©l?$M^$^fc^y 3^^-efc5ft*«2 2 
©SSMf&o 

2 6 . K^— h©iM Kfr*— /V±©& 1 ©Ifeid^W 5 ~ 1 0 n 

m©ff £ T-fc 5fif 2 2 <Dmt^m o 

2 7. MIBX^— iM^(242)*5, #yvyay, ^X^SMUI, ^?Xt 

20 HMbflEfisMk 38J;t5*^»yVxf9^ (bpsg) Sr^tp^-^rt©v^Ttb 

2 9. gffB¥^#^fc^J&£ft5^a s $J2 0~5 0 nm©^^tt5 
25 1*^12 2©£B£2fSfco 

3 o . mmfeis nrt&fc^-f-T©^^- m> y =» ^sMbtt&ifefei- 3 x 
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3 1 . S&fB^M^^^AfeXW, »1000~110 O^Tn 

3 2 . ^Wt^(D^(D%t>lLm^s #J 9 0 OtJ, jft20 0-300 mH/V 

5 &<D&mftT-<Dm% L&£trt»** 3 o 

33. MfBglM-^«-$M©MI8i;#, 

J63. 6-5. Onm©J($m5»l©VJ)3y|WI«, 

3Kl 4 ~ 8 n m©I £ fcfc+Sfl SO'/Ja ^WUK^trM^I 2 2 ©$Jjt 

10 ^-jsfeo 

3 4. MIBm2(D^y S/p 3yp|S|3 0~5 0 noOg^tt5»*« 
2 2©»it2fSfc 0 

3 5. IWB»2©^y^y3>'g|#5*li3 0~5 0nm©J?*SrWU #*J6 0 
3 6. ffimm2<DmmmK CVD|rj;oT^10nm©f^m-ti$ 

37. tmmn2<Dimm&, cyDK^xmionmom^^x-mm^ 

20 V a ^fltftofrStrllWt* 2 2 (Dwmxm* 

3 8. MIE^IM K**- W-YoyTJmftttJ K**- * 

i-i<b, jail* 

25 !) 1M Fflsi"* r. & $ fc^trf*** 2 2 ©SI5iiri!fc„ 

3 9. |WBIHBSl*««-36S; V5aV«ftJll38itW«^*y Vif9^ (BPS 
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40. if|SPfllt^»H-^^tt^^^ 
atrial y y^Mir^am-r 5 - 1 

4 1. BftfB03<D#°y ixy 3^^9 0~1 8 0nmtf)J5££;t-t-5fi^ 
^2 2<^Sl«ife 0 

4 2. ltffiBy-KIISr^yiM' hMb-T5ri:^$fe^tPm^2 2(DS!i^ 
4 3 . Kit* 5/ y IM" Kft;i"5 - t £ £ fc-£tP»#£ 2 2 

4 4 . (200) <^®_B^fc$^ffllK230) zmfctz - k . 

imBfcfl**ftmJb« 5 J: 5 m» 1 y 5/ y = ^(245) sritg-r 5 r 

1 # y > V = ^m±Sr# ? £ 5 2 £>^« (232) ^rita-r 5 - 1 > 

mm?- K^- b^tffiWW- bvy =JVBHbB££:&5 J; 5 fc^-ittli 
BfefeRrfSft*^— y-(243)>5SB&iB!7- K^- bOlM" K**-A'±IQftS i 
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Mm*s y Kte (24D £ *k ^ i * £ *tfc» 2 y $/ y n vgUitBMb 

§1(236) it, 
10 *©fcfc:f(HB!7- K^- h±^MIB0 2 (OttftM (232) Sr^i"S 1^ *5 

ax* 

MONOS^^y ^©iWaKJfiSr^T Bifffil7- K^- h T 
■eSNK^ns K*SrJft*T5 J: 5 &S& 3 <£>tf y $/ y a v|g(248) fiulB 
S^±^*d«i"5 r t ^tfMo no s t< * y xoasiifefrfe 

15 4 5. «HBft^b«r^*il^ri«-5«»#> 

$ffiB¥&#ftt£±f^ $3. 6~5. 0 nm»ii:$}C^T*01O^y 

1 y 3 I^IMbBU:^ #J 2 ~ 5 n m©J¥ £ Ha ^b 

4 7. MfB^l^^y v-y =t^mfcCVDiZ£V)mi 5 0~2 5 0 nm©I 
25 $ m * T-*l« £ ftSft^iS 4 4 Of^Sfco 

4 8. ^IB^KD^b^cVD^J; 91^5 0-1 0 0 nm©J^m*i| 
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4 9 . mmm i ame**- f^- y<d<m w*-*±\m 5 ~ 

1 0 nm©ff§TNfcS»#*4 4©«at#Sfc„ 

5 0. fflB^^-lM^^, #F/Jay, ^Xvfcflfllk ^X^gtffcg 
5 {big, *5<£tf*?3jf y (BPSG) &$tr?A^-7?im*ftifr£.X. 

oTft/^ft. $3 0~5 Onm©0£TNfc3if#«4 4©igii2fjfe 0 
5 1. HffiB^nnfe^^^-f-Sr^-t-SX^grfc, 

a i^mtmt mm**- vf-w-t* t t > 

10 mflBmb^iy^^ ; Jf$tLfc^™4~6 nmOJf^l:*fi3©V!) 

mmm 3 ©ixy = >-snbigi£g^bi-5 riiaot, uns^M^ ^^^^ 

^ttfclB^Kljfi 2 0 n m©ff& £^5gl4bl&£»r5 ^ £ * $ b fc-&tH» 
15 **4 4©«jfcfrifc. 

5 3 . lifrfBSg 2 ©# y i/y a ^» 3 0 ~ 5 0 n m©J¥£ £#1" 5iit#9i 
4 4©$Mf*fe„ 

20 54. ff$fg2©iS&|il&&S N CVDlCioXi^l 0 nm ©J? 
tlfciX y =i ^g£{blg&-£*ffi*Jl4 4 ©Sit^ifeo 

5 5. £r#3$2©&&l£d^ CVDfCioT^l 0 nm<Dmi$fc&T-mmiS 
tltci/ y a V^bm§r^tf»^4 4 ©«3S#j&, 

5 6. t&gB& 3 ©3K y ^> y n ym&®} 1 5 0-2 o o nm(omz%^rt%m 

25 *«4 4©SSijg^o 
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<big±fc!7-Ky-M340, 341, 342)£^tt5wi, 

10 

tfnaf--f k**~ b ±t-ffe^(233) Srj^^rs - 1 , 

15 «nE2 0©!7-K^-blB©W»**20^y ^P 3^K(247)-C***t-5 
HEB^-* S*Lfc» 2 oaK P v' P =« vKfcVP 1M Nb(24i)-f 5 n t „ 

tmrmnvj k»*-^#ji ^ji^^- h fc#Knw«i^- b&a&fct-s* 
^m(248) %s tmmi±.\mm- s - t sr^t^ 7 * * * p t* ^ *© 

25 5 8. ittflBS&ltf>#P v'P =*V|Ij&M&1 5 0~2 5 0nm©J?£ ; !Mrf5f» 

M5 7«m 
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59. mma^—v-mm* #vfv=*^ ^^tflji, ^x-^iMbfc 

W> (bpsg) ^t^A^^rtovvjrtuwcj: 

eo. WIB^b^^lg^> i^D^viroiii, gfti/JayiOjl 

6 1. HME»*'Wft^^ w - *<Dfe&<D&fc, J&2 0~5 0 nm©«*4r^T 

6 2 . fftm^<Z>3 5 MS: £ b J-^tf ft*« 5 7 <DSBg#Sfc 0 
io 6 3. mm^(on<D%^iMi>K ilO00~ll OO'CTN «I6 0W 

(Dusmm^ ** us^ai** 6 2 ©satm, 

6 4 . BLflBJ^tf>£tf>;tL#>l3S^ 11900^ $J 2 0 0 ~ 3 0 0 m b-/V 

6 5 . mm?- vtf— vmfrbmnvy hmm^m^wm^fi^f- 
6 6 . *Mfawmm±v>y- k^- b (340, 341, 342) 

tb^lM" K**- ^J^y- b (331a, 331b, 332a, 332b) fc, 

20 i&ib^ \?v*~^m?~hT<Doiiom\ftKMj$.£ti. n&**vw& 

#»ff*H5ilflSlW*«(311, 312, 313, 314) 
25 Q)t, 
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V hftttftft* (322) t £<£tfMO NOS^^U ±/K 

5 6 8. tm*y b&1*«#*3£tmfBlM K**- >HM* 

»!EiM K!7*~ A«#py-hT©*»!:»**^fc»**8 6 ©MONO S 

10 ^;Vft*5|b3 0-5 OnmtfcD, rtlfcioT^y ^S^Atf* 
D^-fSit* 3 ® 6 6 ONOMO S ^ * U -fe/K 

-r-<t^ioX^ff$tb5^*6 6©MONOS^^!)t^ 

7 1. |jJ|B^^y^^ 5 MONOS^ i E-yTWF fc 3©#iCO^^y'fe:/V'©l 

7 2. i|B^ * D t;^MONO S ^ ^ P 7 K * !i 1 
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V <DU®>f- h m£E Sr^i- 5 r t * £ b t^tf ft 7 0 ©MO NOS^* 

74. «rB^b*««o-*#»RaEft;*«^*> v > m^ommmm^ 

15 *5£tf 

*9i 6 6 ©mo no s p< * y -fe;v 0 
20 7 5. flflEify hjafc^©«ffi««^i:fc£oT«R©li«[^i3^ 
y^$^b5fS^7 4©MONOS^ ; t!Jt;K 

7 6. tffiEy^y-fe^MONosy^yTWrtw^^^^y-fe^i 

25 tffM*JS7 4©MONOS^^yt/V. 
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7 8. ItfiB^y ir/vas, 1 o©y- Ki5r*tt 5 77 y v'a ^ U 7 W 

<D}?hbfr<Dmm%&z-zzkfci:ix, m$k<o±;v*mt£Z>mmx>mm^ 

u ?9J>TZ> £> izSttm^ 6 6 ©MONO S * ^ y *A/ 0 

7 9 . m&toffifc<0 1 OC^O y * (Om^WifcifK 

15 mufy mu&m®±<nmfflv~hi-ii<Dnfcz&%rrz>z.t\z-£<>xm 

ff &;ft5fft#« 6 6 <DMO NO S * * y -fe/K 

8 o . mmmfro 1 ? * ©^f&ffr&s, 

it* 

20 MfBM^- h \cJE<DnEE&&fcr 3 £ J: o xmr £ ft 5f&#JS 6 6<D 
MONOS^yir/V 0 

8 1. ^fra»l»ffi±©!7-Ky-h(340, 341, 342) 
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o)£, 

5/ h«mMWft(322) * 

10 T'fcoT, ■feA'©tt*W Lttf^i^ 

!7-Ky-MHtt«EE> a—^-K?^:/*^ :J8j:tJ^y~*ifcifc«J* 
±©mjE©fn£ji&1Er7- F^- h £{fe£-f 3 - 1 x 

8 2 . *HW**fc£iS-h©l7- K^~- b (340, 341, 342) t x 

20 £>|6*S*bfciNf K**- /HWIW*- M331a, 331b, 332a, 332b) 
flWBlNf K!>*-/HH»^*-bT©ONOlRrtK:^*^ 
3SSJtff*ilS*fl5«rtll*(311, 312, 313, 314) fc, 
|^ !7 _ K y-},j 3< } : t^|fe(D^^y-fe:/V'rt©!7--Ky--b : S:SoT, -tub 
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8 3 . *m#&mmm±<D k^- h (340) t „ 
itrnftstizmmmmm, 312, 313, 314)^, 

25 mmm®z> 1 <>©^n y ^ ©?H**«fe*f, 
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8 4. ^mi^m^.mm±(DVf-^-b(uo, 341, 342) 

5 fclfifcStlfclM' K#*WMWI|iy-M331a, 331b, 332a, 332b) 
(322) 

MlBf--f K?*- AHWP^-bT©lEfl5**««*(311, 312, 313, 314) t 
10 8 5. ifrfBlM K**-/MH#py- b±©«5&JBI^ 

8 6. t&iBi7- k^— hog^b striata hmkmm<D&tLx°Kmfeztiz> 

15 £C5|»J#jC8 40MONOS^*!Jt;K 
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ffLt^ifl*©©ffl87, 88W1SUz.Z>tltz ; 
fl«10||^ro®Htt|gS&L. <6H) ] 

5 9. WfiRx^-f-miiK xKy^y^^ 7"7^i[{blgS, r/yX^mtS 
fbM, 9* (bpsg) ^tf^v—^rtov^tt^J; 

6o. mw.mt¥^mmi)K mit^v ^mvmim, m^yv^^rnvm 

5 2 jg x texxmituv =* ^m©^ 3 H&-3-ipft?fc® 5 7 cDg^jtm 
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6 4. ^fr1B^©^(0^.*X©^, &)9 0 0t, ^20 0~300mf-^ 
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15 ^^I!l3 0~5 0nmffe!)> rtUCfcoT^y ^7"^ ;/ ^ ftrf^ A3 3 
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6 6. (gift) 

6 7. (*JE^) ^^fe^ffi±O!7-K^-b(340, 341, 342) 
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Srffi U £ 5> ftHRti: <fc o T SfffiiM K v±-Amwv- 
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5 6 8. &vm>f- haK mm.mm&zvim^ k**-ahw#p 

ftffimy-J K£*— ^J®^— hTO^^^^tbfcit^6 7 ©MONO S 

6 9. (*|IE#) ffif|B!7-Ky-h^f>TOifs/ hfe«IS^^t?f-R& 
10 3££ft5^^;ft;$ s #J3 0~5 0 nmtfc!5, ^ftKl .toT^U 

m^A^lg^-f-SgS^e 7 £fc{*6 8 ©MONO S V ±/K 

7 0. mim 

7 1. (gift) 
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7 6. mm 

5 77. («je#) miMn?-h0-*&m$Mm#-h'r*ib*). zvrm 
mwmmw&^y vmmmmyfy h%m®m-?h*), m^m^mt 

10 »f^s % 

i4rgt?«!3fcE6 7£fcfi6 soMONOS^y-fe/w 
15 7 8. (^IE^) gftl^^y-fe/^ lo©!7-KI«r*llt577y^ 

T^^T-n^^A-rs- tSr^fe^tfgf^6 7tfclt6 8 0MONOS 
20 7 9. (8»J§S0 

so. mm 

8 1. («fiE«) ¥*frS*RaSi±©l7-K^'-h(340, 341, 342) £ N 

tbfclM^ Y*?Jf—?V®mf— Y (331a, 331b, 332a, 332b) 
#*fr£*lSttflSlWttfc(311, 312, 313, 314) £x 



WO 02/43158 



46 



PCT/JPOl/10156 



> ■ 

(350) £ % t f * 

io •efco-c, ^©f^auw&a*, 

8 2. (^je#) *m#mimm±<D7-\?y-bWi, ui, 342) 

20 f>*fe^£*WtlM K»7 /V^JISiy- K331a, 331b, 332a, 332b) 

mmy-j k**— /MMfpy— vt© on oigrt^^^tb, * y 

jflS^ff^tb-SSflSlMffKOll, 312, 313, 314) 
(350) 



WO 02/43158 



47 



PCT/JPOl/10156 



V (322) biZ*. 

£ ft 5 r. fc^tr mo nos^^P -tr*©**^ * ^9 

8 3. (MHO 

8 4. (MHO 

8 5. (MHO 

15 8 6. (MHO 

20 7n 



HljESftfeJl* (*«»»*) 



WO 02/43158 



PCT/JP01/10156 



1/1 1 




mm 



B2 AS 




'CG (v) 

mm 



WO 02/43158 



PCT/JP01/10156 



3 

_2 



0- 
5- 
0 
5- 
0- 
5- 



1- 
r 
r 



1 .i 1. 1 11 j» 



2/1 1 
f2Bg| 



3.5 1 





10 



8 



10 7 



10 6 



10 5 



^D^7AI«IBI(S) 

I3A@ 



10 4 



10 3 



CGO 



CG1 



CG2 



WLO 



WL1 



DO 



3 



T 



r r ? 



01 



02 



T 



CG3 



03 



WO 02/43158 



PCT/JP01/10156 



340 33.1 



3/1 1 

£3 sm 

341 ^-301 




-332 ,-342 



C 



333 



— I J 



310-- 311 } 2 1(v-x> 312 \ 322(^h) 

313 




314 



1 4A@ 



232 



245 — - 






-1 


\ p J 




P 


j — . 





-221 




WO 02/43158 



PCT/JP01/10156 



4/1 1 

cm 




WO 02/43158 



PCT/JP01/10156 



5/1 1 
H4 EB 




m m *. ft « (W26) 



WO 02/43158 



PCT/JP01/10156 



6/1 1 

I4G@ 




WO 02/43158 



PCT/JP01/10156 



7/1 1 
^5 



•248 



247 




240-^ 230' ^-204^203 
I6A@ 

232- 



245- 



WO 02/43158 



PCT/JP01/10156 



8/1 1 

l6Bi 




WO 02/43158 



PCT/JP01/10156 




WO 02/43158 



PCT/JP01/10156 



1 0/1 1 



331a 331b 332a 332b 

340^ 33,1 \ 344 ^301^3321 ^342 




\ 322(£?h) 
313 



OV v d +v t-hi V tjwl+de I to ^py 




310-^ 311 321 (V d ) 



313(V t _ hi ) 



CG1=5V 



CG2=2 . 5V 



B1=1 . 2V 




312 



313 



WO 02/43158 



PCT/JP01/10156 




INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP01/10156 



I A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 7 H01L29/792, 21/8247 

1 According to International Patent Classification (IPC) or to both national c lassification and IPC 

] b. FIELDS SEARCHED . 

Minimum documentation searched (classification system followed by classification symbols) 
int. CI 7 H01L29/792, 29/788, 27/115, 21/8247 



Docmentation searched other than minimum documentation to the extent feat such oocuments ^ mcbded rn^e ^ 
1 Jitsuyo Shinan Kdho 1926-1996 Jitsuyo Shinan Toroku Koho ^96-2002 

Kbkai Jitsuyo Shinan Kdho 1971-2002 Toroku Jitsuyo Shinan Koho 1994-2002 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms 
The IEEE/IEE Electronic Library Online 



used) 



|C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



2000 Symposium on VLSI Technology Digest of Technical 
Papers, 13 June, 2000 (13.06.2000), pages 122 to 123 
Full text 



Full text 



Full text 

International Electron Devices Meeting, (1998) , pages 987 
to 990; page 987, "Step Split Device with Ballistic Direct 
Injection" 

JP 5-145080 A (Kawasaki Steel Corporation) , 
11 June, 1993 (11.06.1993), 
Par. No. [00091 to [0012]; Figs. 1 to 4 
(Family: none) 



Relevant to claim No. 



66-68,70,73, 
77-79,81-85 

69,71,72, 
74-76,80,86 

1-65 



69,86 



66-69,84-85 



[X] Further documents are listed in the continuation of Box C. □ See patent family annex. 



Special categories of cited documents; 
"A" document defining the general state of the art which is not 

considered to be of particular relevance 
i **E" earlier document but published on or after the international filing 
date 

«*L" document which may throw doubts on priority daim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 
*Xf document referring to an oral disclosure, use, exhibition or other 



"p* document published prior to the international filing date but later 
than the priority date claimed 



T later document published after the international filing date or 
priority date and not in conflict wife the application but cited to 
understand the principle or theory underlying the invention 
"X" document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 
«Y" document of particular relevance; fee claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
document member of the same patent family 



| Date of the actual completion of the international search 
18 February, 2002 (18.02.02) 



Date of mailing of the international search report 
26 February, 2002 (26.02.02) 



I Name and mailing address of the ISA/ 

Japanese Patent Office 

I Facsimile No. 



Authorized officer 



Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1992) 



International application No. 

PCT/JP01/10156 



Relevant to claim No. 



INTERNATIONAL SEARCH REPORT 

[ cCC ontiiiuation). DOCUMENTS CONSIDBREP TO BE RBLBVANT^ 
' category* I Citation of document, with indication, where appropriate, of the relevant parages 
JP 5-326976 A (Rohm Co., Ltd.), 

10 December, 1993 (10.12.1993), | 
I Par. No. [0025] to [0028]; Figs. 1 to 10 
(Family: none) 

, jp 2001-357681 A (Sony Corporation) , 
26 December, 2001 (26.12.2001), | 66 _ 6 9, 84-85 

BY | Full text? Figs. 2, 3, 5, 6, 9 to n 
(Family: none) 

I jp 2001-168219 A (Sony Corporation) , 
22 June, 2001 (22.06.2001), j 69>86 

Eft | Full text 

(Family: none) 



BESfflI»# PCT/JP0 1/10 156 



a. &m<Dm-rzm<o&m m9*®M*m (ipo) 

Int.Cl' H0 1L2 9/7 9 2, 2 1/8 24 7 



m&ftvfz&>mm mmmm <ipc) ) 

Intel' H01L29/792, 29/788, 27/1 1 5, 2 1/8 247 



B*fflHUB$r3S<2if|l 



1 9 26-199 6*F 
1971- 200 2*F 
1996-2002^ 
1994-2002^ 



Hie IEEE/IBB Electronic Library Online 



c. vmtztm*>t>ftzxM 



2000 Symposium on VLSI Technology Digest of Technical Papers 
2000.06.13, p. 122-123 



66-68, 70,73, 
77-79, 81-85 

69,71, 72,74- 
76, 80, 86 

1-65 



xm (a*SrftH-) 



FT J HKUJPBXttffiJfeB^t^SJvfc^-CfooX 

rxj #(^BiS©«)Sm-e*>o-c, iW3m©*r-»^ 
i. o Til*W£ a* ftv i: % *. e> ft 5 1> 



HKSaSlr^TLfcB 



18. 0 2. 0 2 



h^h*^©is2ih 26.02.02 



. B*®mfT (isa/jp) 

Sffi##l 0 0-8 9 1 5 

msamtBE^iBHT @ 4 # 3 * 



4M 9354 



03-3 5.8 1-1101 



34 6 2 



fi|35;PCT/I SA/210 (|g2-i-i>) (1 9 98^7j§) 



m®m&m \mmam*& pcvjpoi/ioise 


c . 








Hit** 


Y 


jjiteiiiaxionai electron Devices meeting 1998 p. 987-990 
jg987H Tstep Split Device with Ballistic Direct InjectionJ 


69,86 


Y 


jp 5-145080 a vnmmm&&£-w 
[0009] looi2] #uirwgi~4 


66-69, 84-85 


A 


JP 5-326976 A (n-A«^tfc) 
i y y o . iz. 10 

[0025] «I~ [0028] MRXmi^l 0 


1-65 


EY 


JP 2001-357681 A (y=H*i*&tt) 
2001. 1 2. 26 
££&tfHl2, 3, 5, 6, 9~1 1 


66-69, 84-85 


EA 


JP 2001-168219 A (V=H*5S£tfc) 
2001.0 6.22 

» 


69, 86 


SSPCT/1SA/2 10 (i2^i?0^) (1 998*7.8) 





